Intratumoral immunotherapies aim at reducing local immunosuppression, as well as reinstating and enhancing systemic anticancer T-cell functions, without inducing side effects. LTX-315 is a first-in-class oncolytic peptide-based local immunotherapy that meets these criteria by inducing a type of malignant cell death that elicits anticancer immune responses. Here, we show that LTX-315 rapidly reprograms the tumor microenvironment by decreasing the local abundance of immunosuppressive Tregs and myeloid-derived suppressor cells and by increasing the frequency of polyfunctional T helper type 1/type 1 cytotoxic T cells with a concomitant increase in cytotoxic T-lymphocyte antigen-4 (CTLA4) and drop in PD-1 expression levels. Logically, in tumors that were resistant to intratumoral or systemic CTLA4 blockade, subsequent local inoculation of LTX-315 cured the animals or caused tumor regressions with abscopal effects. This synergistic interaction between CTLA4 blockade and LTX-315 was reduced upon blockade of the β-chain of the interleukin-2 receptor (CD122). This preclinical study provides a strong rationale for administering the oncolytic peptide LTX-315 to patients who are receiving treatment with the CTLA4 blocking antibody ipilimumab.
Intratumoral immunotherapies aim at reducing local immunosuppression, as well as reinstating and enhancing systemic anticancer T-cell functions, without inducing side effects. LTX-315 is a first-in-class oncolytic peptide-based local immunotherapy that meets these criteria by inducing a type of malignant cell death that elicits anticancer immune responses. Here, we show that LTX-315 rapidly reprograms the tumor microenvironment by decreasing the local abundance of immunosuppressive Tregs and myeloid-derived suppressor cells and by increasing the frequency of polyfunctional T helper type 1/type 1 cytotoxic T cells with a concomitant increase in cytotoxic T-lymphocyte antigen-4 (CTLA4) and drop in PD-1 expression levels. Logically, in tumors that were resistant to intratumoral or systemic CTLA4 blockade, subsequent local inoculation of LTX-315 cured the animals or caused tumor regressions with abscopal effects. This synergistic interaction between CTLA4 blockade and LTX-315 was reduced upon blockade of the β-chain of the interleukin-2 receptor (CD122). This preclinical study provides a strong rationale for administering the oncolytic peptide LTX-315 to patients who are receiving treatment with the CTLA4 blocking antibody ipilimumab. Local immunotherapy of cancer capable of mediating abscopal effects -and hence long-term protection from metastatic relapse -represents a holy grail in oncology. 1 Indeed, in as much as favorable immune contextures of primary tumors were found to be associated with long-term protection of the cancer bearer, 2, 3 one can assume that stimulating local immunity in primary or metastatic tumors may reinstate systemic anticancer immune responses eliminating against all deposits of neoplastic cells. Marabelle et al. 4 revealed that a combination of various immunomodulators could be injected into tumors resulting in the eradication of local regulatory T cells (Tregs) 5, 6 culminating in the control of disseminated tumors. Similar results were obtained by combining local radiotherapy with systemic anti-cytotoxic T-lymphocyte antigen-4 (anti-CTLA4) antibodies, 7 which may mediate the FcγR-dependent elimination of Tregs in murine and perhaps human cancers. 8 Few local immunotherapies have reached the market with the notable exception of talimogene laherparepvec (T-VEC), a transgenic oncolytic virus expressing granulocyte-macrophage colony-stimulating factor, which received Food and Drug Administration (FDA) approval for surgically unresectable skin and lymph node lesions in patients with advanced melanoma. However, no effect on melanoma that have spread to internal organs and no increase in survival were reported for T-VEC 9 calling for the development of improved therapies.
Cationic antimicrobial peptides are small molecules found in a large diversity of species including bacteria, fungi, plants and animals. 10 Although extensively varying in their amino-acid sequences and structural motifs, they have recurrent structural and functional properties such as cationicity and amphipathicity enabling disruption of lipid membranes. Some cationic antimicrobial peptides exhibit lipopolysaccharideneutralizing activities 11, 12 and immune modulatory effects. 13 In addition to their well-recognized antimicrobial killing capacities, several cationic antimicrobial peptides also displayed tumoricidal activities. [14] [15] [16] [17] Bovine lactoferricin is a cationic antimicrobial peptide isolated from cow's milk after acid-pepsin hydrolysis of the lactoferrin protein 18 endowed with potent cytotoxicity in vitro and against a variety of murine and human cancer cell lines, and in vivo against subcutaneous or metastatic tumor deposits. [19] [20] [21] [22] [23] [24] The chemical modifications of bovine lactoferricin derivatives allowed for the development of a lead compound, LTX-315 with a shorter chemically modified peptide length and optimal (selective) anticancer properties. [25] [26] [27] [28] [29] By creating pores and disintegrating the cytoplasmic membranes, as well as targeting the mitochondria, LTX-315 promotes the release of damage-associated molecular patterns (DAMPs) associated with immunogenic cell death (ICD). 26, 27, 29 Transmission electron microscopy or morphometric analysis of chromatin-stained tumor cells revealed that LTX-315 failed to induce classical 'apoptosis' associated with apoptotic nuclear condensation and caspase-3-dependent cell death. Rather, the oncolytic peptide-mediated cell death exhibited a necrotic phenotype that was not regulated in as much as neither necrostatin-1 nor cyclosporin A compromised cell death. 30 Phase I clinical trials were conducted in advanced stage cancer patients, using intralesional and serial administrations of LTX-315. Complete and partial regressions were observed in 33% (6/18) of injected lesions with concomitant infiltration of cytotoxic CD8 + T cells in 50% (5/10) patients undergoing serial biopsies. Disease stabilization was recorded in 75% (6/8) of the patients. 31 We already reported that LTX-315-mediated tumor cell death exhibited immunostimulatory properties in various tumor models. 26, 27, 29 Here, we show that, in contrast to prototypic cytotoxicants such as anthracyclines, LTX-315-associated cell death does not require type 1 interferon 1α⧸β receptor (IFNAR), Toll-like receptor-3 (TLR3) and TLR4 signaling to mediate its long-term protective antitumor effects. However, LTX-315 drastically reduced Treg and myeloidderived suppressor cell (MDSC) locally, inducing the accumulation of polyfunctional interferon-γ (IFNγ) + TNFα + T cells in tumor beds (intratumoral lymphocytes (TILs)), culminating in the improvement of the ratio of CD8 + T effector cell ratio over Tregs. Importantly, these polyfunctional CD8 + TILs did not acquire the exhaustion marker programmed death-1 (PD-1) during this activation step, and rather increased the expression of cytotoxic T-lymphocyte-associated protein 4 on their surface (CTLA4). In tumors resistant to intratumoral or systemic CTLA4 blockade, subsequent local inoculations of LTX-315 caused profound tumor regressions and even cures, accompanied by abscopal effects (meaning that even malignant lesions that were established in the opposite flank and were not treated by LTX-315 responded to the therapy). In similar settings, LTX-315 failed to synergize with antiprogrammed cell death-1 antibodies in inhibiting the growth of similar cancers. Interestingly, the antitumor effects of LTX-315, as well as its synergy with anti-CTLA4 antibody (Ab), both depended upon the interleukin-2 receptor β chain (CDD122), which is required for signaling in response to interleukin-2 (IL-2) and IL-15. These preclinical findings highlight new prospects for the future development of local immunotherapies. IFNAR1, TLR3 and TLR4 are dispensable for LTX-315-mediated antitumor effects. We previously reported that CTL responses against tumor antigens can be elicited after ICD induced by anthracyclines or oxaliplatin. In the context of ICD, nuclear high-mobility group box 1 (HMGB1) is released LTX-315 overcomes anti-CTLA4 resistance T Yamazaki et al during the necrotic phase of apoptosis to facilitate TLR4-mediated antigen processing in surrounding antigenpresenting cells (APCs). 32 Moreover, type 1 IFN is secreted for 24-48 h by cancer cells subsequent to the stimulation of TLR3 to act in a paracrine manner on cancer cell-associated IFNAR, thereby stimulating the release of the chemokine (C-X-C motif) ligand 10 (Cxcl10) and the CXCR3-mediated recruitment of T lymphocytes into tumor beds. 33 Hence, we analyzed the release of these two major hallmarks of ICD, that is, the alarmin HMGB1 and the chemokine Cxcl10 in vitro 30 min after exposure to low dosing of the cationic antimicrobial peptide. A very low dose (25 μg/ml) of LTX-315 was sufficient to trigger the release/secretion of both HMGB1 and Cxcl10 (Figure 3a) . Despite this release, 33 Similarly, the IFNAR1-deficient MCA205 clone 7 and 19-14 (resulting from nucleotransfection with specific zinc-finger nucleases (ZFN) designed to target the Ifnar1 gene) did respond to LTX-315 while it failed to respond to doxorubicin in vivo (Figure 3c and Supplementary Figure 2b) . 33 Altogether, these results indicate that IFNAR does not need to be expressed by tumor nor by host cells to facilitate LTX-315-elicited anticancer immune responses. Similarly to TLR3-sufficient control tumors (clone 6), one MCA-induced sarcoma from Tlr3 −/− origin (clone 4) inoculated into WT recipients as well as two independent MCA205 clone 135 and 206 resulting from nucleotransfection with specific ZFN designed to target Tlr3 gene (resulting in targeted deletion of the Tlr3 gene, as shown in western blot) 33 were still controlled by LTX-315 in vivo (Figure 3c  and Supplementary Figure 2c) . In brief, in contrast to anthracyclines, LTX-315 did not require the HMGB1/TLR4 and IFNAR/TLR3 transduction pathways to induce tumoricidal activity in vivo.
LTX-315 differentially modulated immune checkpoint receptors in TILs: impact on the scheduling of combinatorial regimen. Immune checkpoint blockers (ICBs) have been added to the oncological armamentarium following the FDA approval of therapeutic antibodies directed against CTLA4 and PD-1 for the treatment of selected malignant diseases. These monoclonal antibodies (mAbs) aim at priming cancer-specific T-cell responses (as for CTLA4 blockade) or reactivating exhausted TILs (for PD-1 blockade). Therefore, on theoretical grounds, systemic administration of mAb targeting these immune checkpoints could be advantageously combined with local immunotherapies such as LTX-315. We first analyzed how such immune checkpoints were regulated by local injection of the oncolytic peptide at the peak of the intratumoral T-cell response (7 days post LTX-315). Membrane CTLA4 molecules were clearly upregulated by the peptide, both with respect to the percentages of CTLA4 + cells and mean fluorescence intensities in CD4 + (data not shown) and CTL ( Figure 4a ). In sharp contrast, there was a statistically significant and These findings prompted us to compare the relative efficacy of anti-CTLA4 versus anti-PD-1 mAb in boosting the immunedependent antitumor effects of local LTX-315. However, scheduling, dosing and routing remain three pivotal issues when it comes to designing optimal combinatorial regimen. We first analyzed how ICB would boost LTX-315-induced anticancer activity by starting ICB, 7 days after the last LTX-315 intratumoral inoculations (Figure 5a) . In a first set of experiments performed on day 7 established MCA205 sarcomas, adding PD-1 mAb failed to ameliorate LTX-315-mediated tumor control. Up to 17% of the LTX-315-treated animals were tumor free at the time of killing, irrespective of the treatment with PD-1 blockade (Figure 5b) . In a second set of experiments performed on smaller tumors (i.e., 20-25 mm 2 ), LTX-315 alone was more efficient, leading to 33% complete tumor rejections (calculated from all replicate experiments combined), yet the addition of CTLA4 blockade at later time points failed to significantly ameliorate tumor growth kinetics and cure rates (Figure 5c , leading to cure in 50% of the mice). Next, we started with ICB treatments and administered the oncolytic peptide 7 days later (Figure 6a ). PD-1 blockade followed by LTX-315 had minimal effects on the natural growth of sarcomas (Figure 6b ). In sharp contrast, an initial treatment with CTLA4 blockade followed by LTX-315 7 days later revealed a major therapeutic effect (with cure in 50% of the cases). It is importantly to stress that day 8 sarcomas were quite resistant to monotherapy with CTLA4 blockade, whereas LTX-315 alone was no longer effective against large established sarcomas on day 15. However, the combination of both treatments exhibited a major synergistic interaction (Figure 6c) .
We next applied both therapies, anti-CTLA4 mAb on day 8 followed by LTX-315 on day 15 in the form of local injections, a modality that enabled us to reduce the amount of anti-CTLA4 mAb required for therapeutic effects by a factor of three (Figure 7a ). Moreover, we addressed the question as to whether this new regimen could mediate abscopal effects on distant tumor deposits. For this, tumors were implanted in the right and left flanks 4 days apart, but only one of the tumors was injected locally ('ipsilateral [treated]'). We obtained a strong therapeutic synergy between CTLA4 blockade and LTX-315, both on ipsilateral and contralateral MCA205 sarcomas, when tumor sizes, cure rates or survival curves were computed (Figures 7b-d) . Blockade with anti-CTLA4 alone was seen to result in slightly greater control of contralateral tumor than ipsilateral tumor growth, this most likely due to the contralateral tumor being 4 days less advanced and hence likely having a less-established immunosuppressive microenvironment. Altogether, we conclude that LTX-315 was capable of markedly enhancing the immunemediated anticancer effects induced by CTLA4 blockade, even in tumors that were primarily resistant to anti-CTLA4 mAb.
Role of CD122 in the synergistic effect of CTLA4 blockade and LTX-315. We previously reported that the efficacy of anti-CTLA4 mAb relied upon signaling of either IL-2 or IL-15 on the common IL-2/IL-15 receptor β chain LTX-315 overcomes anti-CTLA4 resistance T Yamazaki et al (CD122), meaning that neutralization of any of these molecules blunted the immune-dependent antitumor efficacy of anti-CTLA4 mAb. 34 We therefore evaluated whether blockade of CD122 would abolish the local or abscopal therapeutic effects of LTX-315, alone or in combination with CTLA4 blockade (Figure 8a) .
On the treated side, the LTX-315 mediated a CD122-dependent antitumor effect (Figures 8b, Po0 .01) in a context where anti-CD122 mAb did not impact the natural immunosurveillance of this tumor. Anti-CTLA4 mAb alone exerted a significant but not impressive tumor control (Po0.05) that was CD122 independent. However, the combination of both reagents (LTX-315+anti-CD122 mAb) was synergistic leading to 18% cures and this local synergistic activity was partially abolished by anti-CD122 neutralizing mAb (Po0.001).
On the contralateral tumor deposit, CTLA4 blockade was more effective than LTX-315 (Figure 8c , Po0.05) in a CD122-dependent manner (as previously described). 34 The LTX-315-mediated abscopal effects were also significantly blunted by the anti-CD122 mAb (Figure 8c , Po0.05). The tumoricidal activity of the combination of both reagents was also partially impaired by the anti-CD122 mAb (Figure 8c , Po0.05).
Altogether, neutralizing anti-CD122 mAb mostly reduced the local and abscopal anticancer effects of LTX-315, be it alone or in combination with anti-CTLA4 mAb. Hence, some of the therapeutic mechanisms of action established for CTLA4 blockade alone may also be relevant for LTX-315 and contribute to the bioactivity of the combination regimen.
Discussion
LTX-315 is a cationic antimicrobial peptide with oncolytic properties following intralesional administration in mice and humans. It mediates its anticancer activity against a wide variety of histological tumor types in a T-cell-dependent : 100 μg/mouse or anti-PD-1 mAb: 250 μg/mouse, three injections weekly for 2 weeks) or isotype control mAbs injected after LTX-315. The Kaplan-Meier curves are depicted in the right panels gathering two experiments. In the graphs for (b and c), one representative out of two identically performed experiments comprising 6-7 mice per group is shown for the left and middle panels depicting tumor growth curves (conclusions drawn from total dataset from both replicates), and all data combined are shown in the right panels depicting Kaplan-Meier survival. Comparisons of Kaplan-Meier survival curves were performed using the log-rank Mantel-Cox test; NS, not significant LTX-315 overcomes anti-CTLA4 resistance T Yamazaki et al manner by inducing cell death endowed with immunogenic properties. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] In this preclinical study, we found that LTX-315 can be active against sarcomas that poorly respond to CTLA4 blockade, and that the sequential combination of anti-CTLA4 mAb followed by LTX-315 is synergistic, either using systemic or local delivery of anti-CTLA4 mAb, with a mechanism involving CD122 receptors.
LTX-315 does not induce a typical apoptotic or regulated necrotic cell death. 30 However, this uncontrolled tumor cell death is 'immunogenic' in as far as (i) injection of dead cells could prevent the outgrowth of a live minimal tumorigenic dose of syngeneic tumor cells; 28, 29 (ii) antitumor effects were abolished in the absence of T lymphocytes; (iii) cured tumorfree mice resisted rechallenge with autologous tumor cells of the same kind; (iv) the growth kinetics of distant tumor deposits were also affected by LTX-315; (v) anti-CTLA4 antibodies set the stage for LTX-315 to be an even more potent anticancer agent; (vi) full therapeutic efficacy of LTX-315 and LTX-315 plus CTLA4 blockade depended on CD122. Although LTX-315 can trigger the hallmarks of ICD, such as the exodus of HMGB1 and the release of the Th1 chemokine Cxcl10, LTX-315 differs in its mode of action from anthracyclines or oxaliplatin 33 as LTX-315 does not require a series of cytokine and pathogen recognition receptors that are necessary for anthracyclines or oxaliplatin to stimulate anticancer immune responses. Thus, the HMGB1 host receptor TLR4 was dispensable for LTX-315-mediated tumor control. Moreover, the TLR3 and IFNAR signaling pathways were not mandatory for its bioactivity, in contrast to what we described for the long-term anticancer effects of doxorubicin or mitoxantrone. 33 In contrast, we showed that LTX-315 could somehow shape the tumor microenvironment by reducing the infiltration by MDSCs and Tregs, facilitating the accumulation of polyfunctional CD4 + and CD8 + TILs. Importantly, activated TILs exhibited lower expression levels of PD-1 in this context, a phenomenon that we failed to observe with chemotherapy (data not shown). This may be explained by the decreased Treg proportions, which reportedly contribute to maintain PD-1 expression levels in effector T cells 36 and may set the stage for a better response to PD-1 blockade in patients. Indeed, Ngiow et al. 36 highlighted the crucial role of the Treg/PD-1/PDL-1 rheostat accounting for a better antitumor activity of anti-PD-1 mAb in tumors containing CD8 + PD-1 int T cells. However, in contrast to PD-1 expression, CTLA4 membrane levels substantially increased post LTX-315 treatment, which may be as a result of the strong T-cell receptor engagement following cross-presentation of dead bodies by local APCs and/or IL-2 production by polyfunctional T cells. In accordance with these observations, CTLA4 blockade appeared to be slightly more effective than PD-1 blockade after LTX-315 activity. Current studies evaluate the role of additional hallmarks of ICD such as the formyl peptide receptor and its soluble ligand annexin A1 (produced by tumor cells) 37 that may explain the chemotactic activity of DC toward dying bodies for accelerated antigen processing and presentation operating during LTX-315 administration. Regardless of these mechanistic considerations, these findings prompt a concomitant administration of CTLA4 mAb with LTX-315.
On theoretical grounds, transforming tumors into their own vaccine is not only a new paradigm for effective immunomodulation but should represent an ideal strategy to mount a systemic cognate immunity that will be protective over long durations without triggering major side effects.
1 Local immunotherapy should rely on four criteria to be successful. First, it should deplete Tregs, either by means of antibodydependent cell cytotoxicity, or by direct elimination, by acting through the differential threshold of toxicity in between effector and Treg cells (such as that obtained with cyclophosphamide, discussed). In that regard, LTX-315 could reduce Tregs and spare conventional polyfunctional T cells. Second, local immunotherapy should promote the release of tumor antigens and DAMPs to chemoattract bona fide APCs that should process and cross-present tumor antigens. Although we did not observe a major increase in CD11c + I-A/I-E + APC in tumor beds (Supplementary Figure 1) , we cannot exclude the possibility that LTX-315 could boost the capacity of APC to increase their direct or indirect participation in anticancer immunosurveillance. 38, 39 Third, the local immunotherapy should provide agonists for pattern recognition receptors (PRRs) to boost APC functions. Indeed, LTX-315 could provide the release of DAMPs (such as adenosine triphosphate). 27, 28 In this context, it may be interesting to evaluate the possibility to boost LTX-315 anticancer activity by locally administered agonists of PRR receptors that thus far have not been involved in ICD or LTX-315 effects such as TLR7-8 agonist. Fourth, engaging activating receptors or neutralizing inhibitory receptors should reinstate local or regional effector T and NK cells. Agonistic CD40 antibodies, or antagonistic antiglucocorticoid-induced tumor necrosis factor receptor-related protein, lymphocyte-activation gene 3 (Lag3), TIGIT or killercell immunoglobulin-like receptor are commonly tested alone or in conjunction with PD-1 blockade to improve TIL reactivity. We observed that CTLA4 was markedly upregulated following LTX-315 activity and that blockade of this immune checkpoint set the stage of a better efficacy of LTX-315. This may be due to the conversion of Lag3 + FoxP3 + IL-10-producing CD4 + T cells known to be suppressive through an Egr2-dependent mechanism into IL-2-secreting helper CD4 + TILs 34 during CTLA4 blockade. Indeed, our initial work showed that the IL-2/ IL-15/CD122 axis was mandatory for the immunostimulatory effects of anti-CTLA4 antibodies in mice and that soluble CD25 (sCD25) facilitated the accumulation of Treg cells and represented a predictive marker of resistance to ipilimumab in metastatic melanoma. 34 Hence, it will be interesting to analyze whether LTX-315 bioactivity can be suppressed by sCD25 in mice and humans, and boosted by recombinant interleukin-2 or IL-15 in preclinical models.
Beyond these considerations, along with others, we have shown that a number of immunomodulators act through the intervention of the gut microbiota. [40] [41] [42] [43] In as much as LTX-315 is a cationic antimicrobial peptide, it is conceivable that it could directly affect tissue residing commensals 44 or distant intestinal microflora, hereby generating some systemic adjuvanticity.
In conclusion, this work demonstrates that LTX-315 has the potential to stimulate therapeutically relevant anticancer immune responses in several preclinical models. One of the salient features of LTX-315 is that it can be administered locally, by injection into malignant lesions to locally stimulate anticancer immune responses that suppress the growth of distant tumors, and hence mediate abscopal responses. Moreover, we have accumulated data suggesting that LTX-315 can be advantageously combined with CTLA4 blockade, in particular if CTLA4 blockade precedes or is concomitant to the local administration of LTX-315.
Materials and Methods
Chemicals and cell cultures. Media and supplements for cell culture were obtained from Gibco-Life Technologies (Carlsbad, CA, USA), chemicals from Sigma-Aldrich (St. Louis, MO, USA) with the exception of LTX-315 that was provided by Lytix Biopharma (Tromsø, Norway) and plasticware from Corning BV Life Sciences (Amsterdam, The Netherlands). MCA205 and B16F10 were cultured in RPMI-1640 medium supplemented with 10% fetal calf serum, and 2 mM L-glutamine, 100 IU/ml penicillin G sodium salt, 100 μg/ml streptomycin sulfate, 1 mM sodium pyruvate and 1 mM nonessential amino acids. Cells were grown at 37°C in a humidified incubator under a 5% CO 2 atmosphere.
Mice. Mice were maintained in specific pathogen-free conditions in a temperaturecontrolled environment with 12-h light, 12-h dark cycles and received food and water ad libitum. Animal experiments followed the Federation of European Laboratory Animal Science Association (FELASA) guidelines, were in compliance with EU Directive 63/2010 and were approved by the Ethical Committee of the Gustave Roussy Cancer Campus (Villejuif, France). Mice were used between 7 and 14 weeks of age. WT-specific pathogen-free (SPF) C57BL/6 J and BALB/c mice were obtained from Envigo (Gannat, France) and Janvier (Saint-Berthevin, France), respectively, and were kept in SPF conditions at Gustave Roussy, Villejuif, France.
Tlr4
−/− BALB/c and Ifnar1 −/− C57BL/6 mice were bred and maintained in the animal facility of Gustave Roussy. Ifnar1 -/-C57BL/6 mice were kindly provided by the University of Montpellier (Montpellier, France) and the Peter MacCallum Cancer Centre. (RMP1-14) , or relevant isotype control (MPC11 or 2A3). Mice were injected three times at 3-day intervals with anti-CTLA4 or anti-PD-1 i.p. or two times peritumorally for anti-CTLA4 mAb (50 μg), and tumor size was routinely monitored by means of a caliper. In order to evaluate the synergistic effect of LTX-315 and anti-CTLA4, several experimental settings were performed, as detailed in figure legends. Of note, for local peritumoral injections of anti-CTLA4 mAb, the final dose was 1/3 of that used systemically. In T-cell depletion experiments, anti-CD4 and anti-CD8 mAbs (GK1.5 and 53-6.72, respectively; 200 μg per mouse) or their isotype controls (LTF-2 and 2A3, respectively) were injected i.p. 3 and 4 days before the first LTX-315 injection and continued every other 7 days. In CD122 neutralizing experiments, anti-CD122 mAb (TM-beta1, 200 μg per mouse), or isotype control mAb (LTF-2) was injected i.p. 1 day before each anti-CTLA4 injection. All mAbs for in vivo use were obtained from BioXcell (West Lebanon, NH, USA), using the recommended isotype control mAbs. In experiments examining the abscopal effects of treatment, a second tumor was inoculated into the left, contralateral flank of mice 4 days following inoculation of the first tumor. The reason for this was on two accounts: first, as several products were administered in combination (i.e., LTX-315 and an ICB) against an established tumor, the tumor of the treated site becomes rather advanced, to a stage rendering a contralateral tumor deposit too bulky and resistant to observe any abscopal effect if this was inoculated at the same time as the primary, treated tumor (because of local/peripheral tolerance); second, this attempts to more closely mimic the clinical setting, as when a cancer-bearing patient develops metastases it is hypothesized that he/she is already experienced to tumor antigens of the primary tumor.
Flow cytometry. Tumors and spleens were harvested 7 days after the first injection of LTX-315. Excised tumors were cut into small pieces and digested in RPMI-1640 medium containing Liberase at 25 μg/ml (Roche, Boulogne-Billancourt, France) and DNase1 at 150 UI/ml (Roche) for 30 min at 37°C. The mixture was subsequently passaged through a 100 μm cell strainer. 2 × 10 6 splenocytes (after red blood cells lysis) or tumor cells were preincubated with purified anti-mouse CD16/CD32 (93; eBioscience, San Diego, CA, USA) for 15 min at 4°C, before membrane staining. For intracellular staining, the FoxP3 staining kit (eBioscience) was used. Dead cells were excluded using the Live/Dead Fixable Yellow dead cell stain kit (Life Technologies, Carlsbad, CA, USA). For cytokine staining, cells were stimulated for 4 h at 37°C with 50 ng/ml of phorbol 12-myristate 13-acetate (PMA; Calbiochem, San Diego, CA, USA), 1 μg/ml of ionomycin (Sigma, St. Louis, MO, USA), and BD Golgi STOP (BD Biosciences, San Jose, CA, USA). Anti-CD45.2 (104), anti-FoxP3 (FJK-16 s), anti-IFN-γ (XMG1.2), anti-TNF-α (MP6-XT22), anti-CTLA4 (UC10-4B9), anti-PD-1 (J43), and isotype controls rat IgG1 (eBRG1), IgG2a (eBRG2a), IgG2b (eBRG2b), Armenian Hamster IgG (eBio299Arm) were purchased from eBioscience. Anti-CD3 (145-2C11), anti-CD25 (PC61.5.3), anti-Ly-6C (AL-21), KI67 (fluorescein isothiocyanate mouse anti-human KI67 set), rat IgG1κ were obtained from BD Bioscience. Anti-CD4 (GK1.5), anti-CD8β (YTS1567.7), anti-CD11b (M1/70), anti-CD11c (N418), anti-I-A/I-E (M5/114.15.2), rat IgG2a (RTK2758), Armenian Hamster IgG (HTK888), rat IgG2b (RTK4530) were purchased from Biolegend (San Diego, CA, USA). Eight-color flow cytometry analysis was performed with antibodies conjugated to fluorescein isothiocyanate, phycoerythrin, phycoerythrin cyanin 7, peridinin chlorophyll protein cyanin 5.5, allophycocyanin cyanin 7, Pacific blue or allophycocyanin. All cells were analyzed on a CyAn ADP (Beckman Coulter, Marseille, France) flow cytometer with FlowJo (Tree Star, Ashland, OR) software.
HMGB1 and Cxcl10 quantification. HMGB1 (IBL International, Hamburg, Germany) and Cxcl10 (R&D Systems, Minneapolis, MN, USA) were measured by ELISA following the manufacturer's instructions.
Statistical analysis. Data were analyzed with Microsoft Excel (Microsoft Co., Redmont, WA, USA) and Prism 5 (GraphPad, San Diego, CA, USA). Data are presented as means ± S.E.M. and P-values computed by unpaired Student's t-tests or one-way ANOVA followed by Tukey's test where applicable. Comparisons of Kaplan-Meier survival curves were performed using the log-rank Mantel-Cox test. All reported tests are two-tailed and were considered significant at P-values o0.05. Tumor sizes at killing in the ipsilateral (treated, b) or contralateral (untreated, c) sarcoma in the context of local delivery of the immune checkpoint-targeting antibody (anti-CTLA4 mAb: 50 μg/mouse, two injections) or isotype control mAb injected before LTX-315 during a systemic neutralization of CD122 with specific mAb or isotype control mAb performed the day before CTLA4 blockade. In all graphs, two experiments comprising 7-9 mice per group are shown. One-way ANOVA followed by Tukey's test: *Po0.05, **Po0.01, ***Po0.001; NS, not significant . In all graphs, two experiments comprising 7-9 mice per group are shown. One-way ANOVA followed by Tukey's test: *Po0.05, **Po0.01, ***Po0.001; NS, not significant. Comparison of Kaplan-Meier survival curves were performed using the log-rank MantelCox test: *Po0.05, ***Po0.001, ****Po0.0001; NS, not significant LTX-315 overcomes anti-CTLA4 resistance T Yamazaki et al
